Abstract: Large multipeptide protein complexes have provided a challenge for epitope selection, which is required for immunological protocols where native conformations are needed. Immunolocalization requires native conformation of the proteins, which is essential for further understanding of biological activity. RNA polymerase IV and V are multisubunit proteins that interact with other factors in the RNA-directed DNA methylation pathway for control of DNA silencing by small interfering RNA and DNA methylation. DNA silencing is an important process during cell differentiation, nuclear structure and viral control among others. RNA polymerase IV and V are yet to be studied in model monocot systems like Oryza sativa, which may provide further data to define if the genetic silencing mechanism has diverged over time as compared to dicots. Here we show an in silico selection process of exposed sequences and their use for obtaining antibodies against native RNA polymerase IV and V in O. sativa.
Introduction
Epitope selection for antibody production has long been a difficult task, a myriad of antibodies lack the ability to detect the target proteins in vivo or to carry out co-immunoprecipitations to obtain further complexes. RNA polymerase (Pol) IV and V (also known as pol IV/NRPD1a/NRPD1 and polV/NRPD1b/NRPE1, respectively) are only found in plants as a particular mechanism for gene silencing. Due to the multipeptide complexity of the protein and the reduced amounts of expression, the traditional process of purification has not been carried out. Recombinant expression of the protein is nonviable, although for single polypeptide proteins or proteins that are not posttranscriptional modified it is an important part of the antibody proteomics technology, as it produces subfragments of proteins called protein epitope signature tags (Lindskog et al. 2005) . However, for most large complexes this does not work well due to the lack of postrancriptional modifications (if Escherichia coli is used) or improper assembly of all the subunits of the recombinant protein.
Usually random selections of peptide sequences that are uncommon in a sequence data bank are used for the production of antibodies. Although they may provide a good signal in denaturation assays (e.g., western blot), it often lacks the ability to detect target proteins in vivo.
It is possible to utilize the advantage of the structural information from a similar protein Pol II (Han et al. 2004; Armache et al. 2005) together with the in silico prediction to define possible exposed epitopes for two of the largest subunits of Pol IV and V from Oryza sativa. Pol V is a large multipeptide protein that is involved in gene silencing. Over the last decade with the emerging view of the RNA-directed DNA methylation pathway (Herr et al. 2005; Matzke et al. 2009; Law et al. 2010) , small interfering RNAs (siRNAs) have become an important tool for gene silencing and are required for several processes including viral protection, cell differentiation and nuclear territory organization ). The complete mechanism for gene silencing is yet unclear, however it is known that generation and targeting of siRNAs requires Pol IV, which is proposed 846 L. de R. Canche Moo et al.
to generate single stranded RNA transcripts (Pikaard et al. 2008; Lahmy et al. 2010) . These transcripts are then processed by RNA-dependent Pol 2 and Dicer-like 3 to produce a 24 nucleotide-long siRNAs which are methylated on their 3' ends by Hua Enhancer 1 (Li et al. 2005) , followed by the union to Argonaute 4 which is an effector protein for the silencing (Matzke et al. 2009; Wierzbicki et al. 2009; Duran-Figueroa et al. 2010; Law et al. 2010; Olmedo-Monfil et al. 2010) .
Regardless of these advances in understanding the RNA-directed DNA methylation pathways there are still many questions unsolved about the two plant specific Pol IV and V (Havecker et al. 2010; Olmedo-Monfil et al. 2010) . Currently much of the research trying to understand the mechanism underling these polymerases have been carried out in Arabidopsis thaliana. However, the study in other plant models, like Oryza sativa, remains largely uncharacterized. Monocots diverged over a 150 million years (Chan et al. 2004 ) and have created a myriad of different biological pathways. The main studies on these polymerases in monocots have been done for Zea mays showing already clues about how paramutation takes place Sidorenko et al. 2009; Stonaker et al. 2009 ). Rice however may present a different silencing mechanism in comparison with that of maize. Zea mays is a particular case where a large amount of transposons are needed to be silenced Sidorenko et al. 2009 ).
Here we have taken advantage of the phylogenetic studies carried out previously which indicated that Pol IV genes are sister to the corresponding Pol II genes and both Pol IV and V have evolved by independent duplication events in the ancestors of land plants (Luo & Hall 2007) . Our results show that antibodies raised against the selected epitope provide the inmunolocalization nuclear pattern of Pol IV and V in early differentiated cells.
Material and methods

Plant material
Seeds from Oryza sativa var. Filipina were obtained from the commercial producer Arroz Covadonga, Champoton Campeche. Seeds were sterilized with 70% ethanol for 5 min, followed by chlorine at 50% for 1 h and 3 water washes. The seeds were incubated for the number of days for extraction as described previously by Mariani et al. (1998) . The scutellum was obtain after 3 days by dissecting the embryos and transferring them into an induction media EIM (sucrose 4%; MS medium 4.3 g/L; 2,4-dichlorophenoxy acetic acid (2,4-D) 2 mg/L). The following incubations were carried out in the dark room for the number of days.
Structure and sequence analysis
The amino acid sequence of largest subunit of Pol IV of O. sativa (CAD41657.3 and EEE70198.1) as well as Pol V from O. sativa (EEE56320.1 and BAD88247.1) together with Z. mays Pol IV and V (OO1182824.1 and GQ453405.1) were aligned using Clustal W program (Goujon et al. 2010) . For the analysis of structure, Cn3D-4.1 program allowed a direct visualizing the structure and sequence of a protein, which, combined with color schemes, denotes the regions of interest of this protein (Wang et al 2000; Marchler-Bauer et al. 2002) . The software permitted us to rotate the molecule by different angles and axes. The Pol II protein was used as the backbone (Hahn et al. 2004) . Clustal W software (Goujon et al. 2010 ) was used for alignment of the sequences. A scanning procedure with BLASTP was carried out to avoid selection of common sequences (Altschul et al. 1990; Berman et al. 1990; Wang et al. 2007 ).
Antibodies
Peptide sequence was selected for antibody production by comparing possible structure similarities between Pol II and V. Surface sequence highlighted the peptide sequence GHGDDTFTSQPTAMQWKQKM (298-317) for Pol V subunit I. For Pol IV subunit I, the unique sequence chosen was MAVRPNDSRPSDVRPPFSQI (1-20). Polyclonal antibodies were raised in rabbit as published by Vaitukaitis et al. (1971) .
Protein extraction
One g of selected tissues from O. sativa were grinded in liquid nitrogen, followed by maceration as described previously (Valadez-Gonsalez et al. 2007 ). Protein content was measured by Bradford method and extracts were normalized by protein content.
Western blot analysis Equivalent amount of total proteins from the different tissues were separated on an 8% SDS-PAGE and transferred to nitrocellulose membrane (Pall Corporation, USA). After 1 h of blocking with 5% non-fat milk in TBST (TrisBuffered Saline and 0.1% Tween-20), the membrane was incubated with either anti-RNA Pol IV or V at 1/3000 dilution in TBST with 5% milk over night at 4
• C, then washed with TBST. Immunoreactive bands were detected with antirabbit antibodies conjugated with horse radisch peroxidase followed by enhanced chemiluminescence western blotting detection reagents (Amersham).
Histology and immunofluorescence
After 15 days of 2,4-D induction of the scutellum the samples were fixed in a FAA solution: formaldehyde (10%), ethanol (50%) and acetic acid glacial (5%), for 24 h. They were dehydrated through an ethyl alcohol series and embedded in paraffin (melting point 54-56
• C) with a graded series of tertiary butyl alcohol. The paraffin blocks were sectioned serially at 5 µm thickness using a microtome. Deparaffinization with 4 washes with histology-grade xylene for 2 min, followed by removal of xylene with absolute ethanol followed by 70% ethanol, followed by water for 1 min each.
For single cells immunolocalization experiments of cell protoplast were carried out by cutting 100 mg of somatic embryos into small pieces and macerated in 27
• C overnight in enzyme solution (1% cellulase Omozuka R-10, 0.25% macerozyme R-10, both Duchefa, diluted in protoplast washing medium) with gentle agitation. The protoplast were separated by filtration using 0.45 µm nylon membrane and then left to sediment by centrifugation (1000×g; 10 min at 4
• C). After removing the supernatant, the protoplasts were resuspended in washing medium (0.2 mM KH2PO4, 1 mM KNO3, 10 mM CaCl2 · 2H2O, 1 mM MgSO4 · 7H2O, 0.5 M mannitol, pH 5.6). Sixty µL of fixing solution (1% paraformaldehyde, 0.2 M Hepes, 0.15% Triton X-100, protease inhibitors) were dropped directly on the cover slips. Protoplasts were fixed in 4% paraformaldehyde. Slides were permeabilized with 10% DMSO, 3% nonyl phenoxypolyethoxylethanol in phosphate-buffered saline (PBS), before blocking with 1% BSA in PBS. Primary antibodies were diluted 1:300 in PBS, 1% bovine serum albumin, and slides were incubated overnight at 4
• C. Somatic embryos and surrounding tissue were permeabilized with 0.1% Triton X-100 in PBS (PBST) for 15 min, respectively. After washing with PBST they were either incubated with anti-RNA Pol IV or V. Secondary antibodies of goat anti-rabbit IgG were conjugated with Alexa 647 (Invitrogen) and after being washed for 30 min with PBST, cells were mounted with mowiol, 4',6-diamidino-2-phenylindole (DAPI) (Dabco). Images were taken with confocal microscope (Leica TCS SP5 
AOBS TANDEM)
. Control experiments were carried out by adding the specific peptide in which the antibodies were raised at 1 mg/mL (non-specific peptide at the same concentration had no effect on the immunostaining).
Results
Taking advantage of the sequence similarity between Pol II and V we aligned and defined the conserved regions. Conserved regions were matched to the known structural information available for Pol II using the data from Molecular Modeling Database (MMDB ID: 31033, PDB ID: 1WCM; Armache et al. 2005) .
A scanning procedure based on BLASTP was used to avoid selection of common sequences. The homologous regions were used to provide a first selection process; further selection of epitopes for antibody production was carried out, too. Table 1 provides the sequence information of selected peptides and peptide sequences that may be useful for future research including the sequences for the second subunit of Pol II and IV and for the first subunit of Pol V from A. thaliana. Two surface sequences were selected from their likely surface exposure, as seen in Figure 1 for Pol IV subunit 1 and Figure 2 for Pol V subunit 1. The program provides a visual search of possible sequences that are located on the surface of the protein where antibodies may interact, and it allows visualization of all subunits of the protein (Fig. 1, 2) . The example is given by taking the first set of adjacent amino acids that are embedded in the protein and would not be useful for antibody production (Fig. 1b, 2b) . From the first subunit of Pol IV, the sequence MAVRPNDSRPSDVRPPFSQI (1-20) was chosen, and for the Pol V, the sequence GHGDDTFTSQP-TAMQWKQKM (298-317) was shown to be on the surface between complexes. The antibodies designed against the highlighted regions reacted strongly against a 186 and a 175 kDa protein for the first subunit of Pol IV and V, respectively (Fig. 2c,d) , corresponding with correct molecular weights of the predicted polypeptides on immunoblot from protein extracts from O. sativa. Other highlighted sequences are shown in Figure 1 . The sequences chosen were unique for O. sativa as can be seen from the sequence alignment (Fig. 2) .
We used somatic embryogenesis as a source of extract and tissue due to the large diversity of cell types in different stages of differentiation. The large nucleated cells can easily be observed after 15 days of induction with 2,4-D (Fig. 3, 4 ). Protoplasts were also carried out in order to remove cell walls and facilitate the immunofluorescence signal of both polymerases. Both protoplast and tissue slides showed that Pol IV and V have a speckle pattern like in A. thaliana (Pontes et al., 2006) . Addition of non-specific peptide had no effect on immunofluorescence, while addition of the peptide with the sequence against the target antibody blocks all binding to the cells (Fig. 3, 4) , showing the specificity of the antibodies to recognize the sequence of the raised peptides.
Discussion
Selection of useful sequences for antibody production for colocalization in vivo has been in many cases a trial an error case for eukaryote multipeptide proteins. Overall structure of all RNA polymerases is conserved; in particular the two largest subunits which carry out the main enzymatic task (Hahn et al. 2004 ). We used the backbone structure of Pol II (Cramer et al. 2001; Hahn et al. 2004; Armache et al. 2005) and align for sequence similarity with an in silico prediction for possible sequences that would be exposed (Fig. 1, 2) .
We selected one sequence of the two for Pol IV and one for the possible Pol V for O sativa. The sequences are unique as can be seen in the aligned section of Figure 2 . The main use of such antibodies is for immunolocalization or immunoprecipitations. Similar structural proteins can have a diverse range of sequences making it difficult for epitope selection. Therefore one of the most important criteria for the epitope design is to find large fragments that have high sequence similarity and secondary structure prediction between the protein with known structure and the protein of interest. These regions in many cases take similar positions within the proteins; this is the case for RNA polymerases (Hanh et al. 2004; Luo & Hall 2007) . Pontes et al (2006) published the first pattern of Pol IV in extracted nuclei of A. thaliana. Its immunolocalization showed partial nuclear staining which correlated well with its known function in gene silencing. More recently overexpressing Flag-tagged Pol V has shown its nuclear speckle pattern on extracted nuclei. Extracted nuclei provide a high resolution for immunolocalization but lack information for the rest of the cell as well as in tissue localization. Tissue dissection has disadvantages in resolution, high background of the cell walls and processing of samples. However, data can be useful to distinguish between nuclear or cytoplasm localization. Figures 3 and 4 show the presence of Pol IV and V in all nuclei, as partial amounts in the cytoplasm. Immunolocalization of Pol IV exhibits a similar pattern as seen in A. thaliana (He et al. 2009 ) and western blot from these tissues show a clean single polypeptide band at 186 kDa for Pol IV and 175 KDa for Pol V, which are the expected sizes for these subunits. We used 2,4-D as a synthetic hormone that induces first stages of somatic embryogenesis and obtained large amounts of undifferentiated cells with large nuclei typical for early stages of differentiation (Mariani et al. 1998; Matzke et al. 2009 ). We believe that the data shown in Table 1 will be useful for those interested in creating antibodies for the second subunit or Pol IV and V. Currently there is a lack of biochemical and molecular experiments needed to clarify if the sequences from the sequence databases correspond in activity to that defined for Arabidopsis. Generating good antibodies should help with the process. The sequences of other possible Pol IV and V from O. sativa were also compared and showed little homology for the selected regions. They would therefore be unlikely useful for detection of these antibodies or to detect the Pol IV and V of Z. mays.
